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Vesiculo-globular bodies, 40 run in diameter, are pres-
ent in melanosomes. The mode of their involvement in 
melanosomal differentiation was studied by ultrastruc-
tural comparison of eu- and pheomelanogenesis occur-
ring in retinal and follicular melanocytes. We found that 
the number and distribution of these bodies differ sig-
nificantly with types of melanogenesis and tissues. They 
were not affected by physical stimuli nor by embryonic 
origin of melanocytes. The earliest form of melanosomes 
is identical in eu- and pheomelanogenesis. The vesiculo-
globular bodies are involved in organization of melano-
somal constituents. In eumelanogenesis, they are more 
numerous in feather than in retina and hair. They are 
least numerous in white hair and pink eyes where me-
lanization is blocked. During melanosomal development, 
they become associated with melanosomal inner lamel-
lae and their outer surface becomes melanized, but their 
core i hardly melanized, thus leaving small vesicular 
structures. In pheomelanogenesis, their number is al-
most equal in feather and hair. Lamellae are not formed, 
but these bodies fuse with each other to form an amor-
phous matrix on complete differentiation of melano-
somes. 
Melanosomes of human black-hair were found to character-
istically contain the vesiculo-globular bodies, membrane-delim-
ited vesicles with 40 nm in diameter [1). Similar structures were 
also reported in normal melanosomes of different tissues; mel-
anosomes of rhesus monkey [2], feather melanosomes [3] and 
human melanosomes in skin [ 4, 5]. These bodies were also 
found enormously accumulated in pathological melanosomes, 
i.e., macromelanosomes or giant melanosomes occurring in hy-
permelanotic skin lesions [5-11] and albino eyes [12]. These 
reports are based on the tissues engaged in synthesis of eumel-
anin-containing granules, eumelanosomes. The warm-blood an-
imals, however, also produce pheomelanosomes [13]. How the 
vesiculo-gJobuJar bodies are involved in the development and 
differentiation of eumelanosomes and pheomelanosomes still 
remains unclarified. 
Our previous study showed that the vesiculo-globular bodies 
are not empty but that the content is aggregated with fine 
grains and that these bodies are resistant, once incorporated 
into melanosomaJ matrix, to the treatment with phenol and 
thioglycolic acid and prolonged boiling at the 130°C [ 4). This 
study compares the ultrastructure of eumelanosomes and pheo-
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melanosomes at the earliest stages of development and then 
characterizes the mode of involvement of the vesicuJo-globular 
bodies in differentiation of retinal and follicular melanosome 
during eu-and pheomelanogenesis. Our comparison of vesiculo-
gJobuJar bodies between eumelanogenesis and pheomelanoge-
nesis derives from following facts; (a) melanogenesis in retinal 
and follicular melanosomes is under a distinct genetic control 
(b) eumelanin and pheomelanin are formed through oxidatio~ 
of tyrosine and dopa in the presence of common enzyme, 
tyrosinase, (c) mature melanosomes in eumelanogenesis are 
ellipsoidal whereas those melanosome in pheomelanogenesis 
are spherical and (d) in the agouti mouse, both eumelanogene is 
and pheomelanogenesis take place in a single melanocyte [14). 
It may be possible that eu- and pheomelanosomes at the ear lie t 
stage of development are identical and that the vesiculo-glob-
ular bodies are involved in their subsequent differentiation. 
Furthermore, the retinal melanosomes in pink eyes will be 
exposed to the light inasmuch as melanosomes participate not 
only in the functional and morphological coloration but also in 
light adaptation [15). A question raised is whether or not the 
ultrastructure of vesiculo-globular bodies in developing mela-
nosomes are affected by physical stimuli. 
MATERIALS AND METHODS 
The involvement of vesiculo-globular bodies in melanosomal differ-
entiation was compared ultrastructurally between eumelanogenesis and 
pheomelanogenesis in a variety of tissues with different genetic back-
grounds (Table l) . These included the eumelanosome-synthesizing ceU 
in retinal pigment epithelium, hair and feather, and the pheomelano-
some-synthesizing cells in hair and feather. Retinal pigment epithelium 
and feather follicles were biopsied from chick embryos, 10 to 21-day 
old, of (a) White Leghorns, (b) Black Minorcas, (c) Rhode Island Reds 
and (d) sex-linked imperfect and autosomal albinism. Hair follicle 
were obtained from adult mice, from 8 to 10-week-old, of (a) yellow, (b) 
black, (c) agouti and (d) albino strains. The mice were originally 
supplied by the Department of Agriculture, Nagoya University (Na-
goya, .Japan) and backcrossed in our laboratories. Three weeks prior to 
experiments, hair follicles of dorsal trunk were plucked and hair cycle 
was synchronized. 
To evaluate the numerical difference of vesiculo-globular bodies 
during melanosomal differentiation, the number of these bodies in 
melanosomes with stage I and II was calculated. For the calculation, 
those melanosomes sectioned longitudinally, close to the center of the 
granule, i.e., those melanosomes revealing clearly the unit-membranous 
structure of outer membrane, were randomly selected. Furthermore, 
the effect of physical stimuli on these bodies within immature eume-
lanosomes were studied after exposing the pink eyes of 16 chicks, from 
4 to 6-week-old, to visible light (light adaptation). These included 8 
chicks with sex-linked imperfect albinism with dark-pink (red) eyes. 
Light adaptation was induced by exposing the chick eyes for I hr to the 
pinpoint light emitted by a 15-w bulb and passed through the optic 
condenser of a Zeiss light microscope. Control specimens of dark-
adapted eyes were obtained by placing the chicks in a dark-room, free 
from any kind of visible light for 3 hr. 
The fixation, dehydration, embedding and staining of the biopsied 
specimens followed the procedures reported previously [ 4]. Ultrasec-
tioning was carried out either on a Porter Blum MT-2 microtome or a 
LKB 4808 Ultrome and/ or both. The sections were observed with 
electron microscope (Hitachi HS8 and H500, and JEM 5008) . 
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TABLE I. Type of melanogenesis, color of tissues and genetic background of animals 
____ M_e_lanogenes_is ___ _ Tissue Color 
Eumelanogenesis Eye Black 
Pink 
Feather Black 
White 
Hair Black 
White 
Pheomelanogenesis Feather Red 
Hair Yellow 
Yellow 
" Genetic background was previously reported [27,28]. 
RESULTS 
Comparison of Ultrastructure of Developing Melanosomes in 
Eumelanogenesis and Pheomelanogenesis 
Retinal melanosomes: The retinal melanosomes are confmed 
to eumelanogenesis. In pink eye, melanization of melanosomes 
is blocked, and the melanosomes are unmelanized (stages I and 
II) and rarely melanized (stage III) (Fig 1, a and b). At stage I, 
the melanosomes are spherical. The spherical melanosomes are 
unmelanized and aggregated with amorphous material and 
rarely incomplete filaments or lamellae (stage I) (Fig 1, a). At 
stage II, the spherical melanosomes become ellipsoidal. They 
contain unmelanized lamellae with a regular striation along a 
longitudinal section. At stage III, the ellipsoidal granules con-
tain the lamellae of which surface is melanizing (Fig 1, b). As 
reported previously [ 4], the black eye with the same embryonic 
development reveals numerous mature melanosomes with stage 
IV of differentiation. These melanosomes are amorphous and 
electron dense, but reveal the electron lucent which correspond 
to the distribution of vesiculo-globuJar bodies. 
Follicular melanosomes: Eumelanogenesis. Black and white 
follicles in feather and hair produce the eumelanosomes with 
the ultrastructure essentially similar in outer shape and inner 
structure to those seen in retinal melanosomes (Fig 2, a, b, and 
c). 
Pheomelanogenesis. Red feather and yellow hair produce the 
pheomelanosomes that always remain spherical and reveal none 
of the lamellar structure during their development (Fig 3, a, b, 
and c). There is not any ultrastructural difference of the pheo-
melanosomes between red feather and yellow hair (compare 
Fig 3, a, b, and c). The pheomelanosomes appear to be divided 
into 4 stages of development. Pheomelanosomes at stage I of 
development reveal the ultrastructure essentially similar to that 
of eumelanosomes, i.e., spherical vacuoles aggregated with 
amorphous and filamentous materials (Fig 3, a, b, and c). The 
stage II pheomelanosomes are still spherical and aggregated 
with vesiculo-globular bodies (Fig 3, a) . In stage lll, these 
vacuoles contain the partly melanized matrix and vesiculo-
globular bodies (Fig 3, band c). In stage IV, they are amorphous 
and electron dense becoming completely melanized (Fig 3, a 
and c). 
Comparison of uesiculo-globular bodies in developing 
melanosomes between Eumelanogenesis and 
Pheomelanogenesis 
Retinal melanosomes: There is some difference in the num-
ber of the vesiculo-globular bodies in the stage li melanosomes 
between pink and black eyes (Table II) . The vesicuJo-globuJar 
bodies are more numerous in the melanosomes of black eyes 
than those of bright-pink eyes, where tyrosinase is absent or 
inactivated and melanization is completely blocked. In mela-
nosomes of stage I, the vesiculo-globular bodies are very few 
(Fig 1, a) and only 1 to 2 of them are found in a longitudinal 
section of each melanosome. There is not any significant differ-
ence in the number of vesiculo-globuJar bodies in stage I mel-
Animal Genetic background 
White Leghorn chick 1/I, E/E, B/B, !S 
Albino chick sex-linked imperfect" 
autosomal recessive" 
Black Minorca chick i/i, E/E, b/b, c/c 
White Leghorn chick III, E/E, B/B, C!C 
Black mouse C57BL/6, a/a, c;c 
Albino mouse ICR, A/ A, c/c 
Rhode Island Red chick i/i, e'/e', b/b, s/s 
Yell ow mouse C57BL/6, A'/a, C/c 
Agouti mouse C3H/He, A/A, C/C 
TABLE II. Numerical comparison" of uesiculo·globular bodies 
between stages ofmelanosomal differentiation and types of 
melanogenesis 
Type of tissues 
A. Eumelanogenesis 
1. Eye, black 
2. Eye, dark-pink 
3. Eye, bright-pink 
4. Feather, black 
5. Feather, white 
6. Hair, black 
7. Hair, white 
B. Pheomelanogenesis 
l. Feather, red 
2. Hair, agouti-yellow 
3. Hair, yellow 
Lages of Melanosomal Differentiation 
Stage I 
1.9 ± 1.3. 
1.1 ± 0.5 
0.9 ± 0.7 
5.6 ± 2.2 
2.5 ± 1.7 
1.7 ± 0.9 
1.2 ± 1.0 
4.6 ± 1.3 
2.1 ± 1.8 
2.4 ± 1.8 
Lage II 
3.9 ± 2.1• 
2.8 ± 1.6 
1.4 ± 1.0 
14.2 ± 3.5 
3.6 ± 2.1 
4.3 ± 1.5 
2.0 ± 0.9 
14 .1 ± 3.7 
15.0 ± 4.4 
15.2 ± 5.4 
• Numerical comparison was made on 21 melanosomes at stages I 
and ll of development. Those melanosomes which are sectioned in the 
center of the granules randomly selected from melanocytes. 
• Number of the vesiculo-globular bodies per each melanosome with 
standard deviation. 
anosomes between black and pink eyes. In stage II melanosomes 
of black eyes, however, they become more numerous, but still 
less than 4 to 5 (Table II) . Whereas in stage II melanosomes of 
pink eyes, they are less than 2. At this stage, even between 
bright and dark-pink eyes, there may be some difference in the 
number of these bodies. The dark-pink eye, in which melani-
zation is incompletely blocked, appears to contain them more 
numerously than the bright-pink eye, where melanization is 
almost completely blocked (compare Fig 1, a and b) . In stage 
III melanosomes, the outer surface of the vesiculo-globuJar 
bodies as well as the inner lamellae become aggregated with 
electron dense materials. In mature melanosomes of stage IV, 
the vesiculo-globuJar bodies are embedded in a highly electron 
dense matrix, making it difficult to make a definite calculation 
of these bodies. However, their cores often appear electron 
lucent because of a marked difference in the electron density 
from the surrounding melanized matrix. The diameter of the 
vesiculo-globular bodies in the electron dense matrix often 
becomes less than 40nm, due to melanin deposition around 
these bodies. 
Follicular melanosomes: Eumelanogenesis in feather and hair 
follicles reveal the vesicuJo-globullif bodies essentially similar 
in the outer shape and inner structures as well as the distribu-
tion pattern. Numerical difference of these bodies between 
tyrosinase positive and negative tissues is clearly shown in black 
and white follicles of feather and hair (Table II, compare Fig 2, 
a and c). The stage II melano omes of black feather exhibits 
more than 10 of vesiculoglobular bodies in each melanosome in 
a section close to the center while white feather does less than 
4 (Fig 2, a, b, and c). In black-hair, the melanosomes with the 
arne developmental stages possess only 3 to 4. lt is likely that 
the number of the vesiculo-globular bodies differs depending on 
type of tissues and the degree of melanization. However, an 
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FIG I. Retinal melanosomes in pink eyes. a, Bright-pink eye biopsied from a 14-day-old chick embryo. The melanosomes are unmelanized in 
stages 1 and 11 of differentiation (EMS-!, II) . The precursor form of stage 1 melanosomes (EMS-0) appears to be the vacuoles that are empty in 
the content, but associated partly with ribosomes. Arrows indicated the vesiculo-globular bodies. Bar indicates 0.2 IL (x 58,000).b, Dark-pink eye 
from a 8-week-old chick. Specimen was obtained after exposure to visible light (light adaptation). Melanosomes in stages I, II and III are present 
along the extended dendrites of retinal pigment cells. Compared with bright-pink eye, the vesiculo-globular bodies (arrows) are more numerously 
present. Bar indicates 0.2 IL (X 58,000). 
incr ase in the number of the vesiculo-globular bodies and the 
degree of organization of the inner lamellae appears parallel 
during melanogenesis. 
Figure 2, b of black-feather eumelanosomes clearly depicts 
how the vesiculo-globular bodies are involved in the organiza-
tion and development of melanosomal constituents. In the 
melanosomes at an early stage I, only a few of the vesiculo-
globular bodies are found (EMS-I-I in Fig 2, b). They are 
scattered randomly within melanosomes. However, the number 
of the vesiculo-globular bodies increases in the later stages of 
melanosomal development (EMS-I-2, 3 in Fig 2, b) . In mela-
nosomes at the stages II, the vesiculo-globular bodies are nu-
merou ly seen and often found to be attached to or aligned 
along the surface of the lamellae (EMS-II in Fig 2, a and b) . At 
stages Ill and IV, they are embedded in the highly electron 
dense, melanosomal matrices in such a way as seen in the 
retinal melanosomes. 
Pheomelanogenesis. The pheomelanosomes at stage I of de-
velopment reveal the number and distribution of vesiculo-glob-
ular bodies similar to those of eumelanosomes. The stages I 
melanosome of red feather, however, appears to contain them 
more numerously than that of yellow hair. There is not any 
significant difference in their number among stage II melano-
somes of red feather, and agouti-yellow and nonagouti yellow 
hair (Table II). At this stage, similar to eumelanosomes, the 
assembly and organization of inner structures are completed, 
but melanization is not yet initiated. In contrast to eumelano-
somes, melanization appears to occur on the surface as well as 
inner core of vesiculo-globular bodies at stage Ill (Fig 3, b and 
c). From this stage, one can often seen the fusion of these 
granular materials to form a large, electron dense materials (Fig 
3, b) . Thus the entire melanosomes become amorphous and 
electron dense at stage IV of pheomelanosomal differentiation. 
It was difficult to make a numerical comparison of the vesiculo-
globular bodies in stages III and IV pheomelanosomes. 
Comparison of Vesiculo -globular Bodies of Developing 
Melanosomes between Light and Dark Adaptation 
The retinal melanosomes in the dark-adapted eyes are pres-
ent in the perikaryon. After exposing the dark-adapted eyes to 
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Fm 2. Eumelanosomes in feather. a, Black Minorca chick. Melanosomes in va.rious stages of differentiation are present. Arrows indicate the 
vesiculo-globular bodies. The number of these bodies is g.reater as compared with that in eye (Fig 1) . In EMS-II (stage II eumelanosome), these 
bodies are aligned in a row along the inner lamellae. Bar indicate 0.21J. (X 23,000) . b, Black Minorca chick. A high-power view of eumelanosomes 
in stages I and II (EMS-I, II) . In EM -I, #I indicates the earliest form of S\age I differentiation. The number of vesiculoglobular bodies is few. 
#2 and 3 of EMS-!, i.e., the melanosomes in late stage l contain numerous vesa.ulo-globular bodies (arrows) and organized inner materials. ln 
EMS-II, these bodies are aligned along the inner lamellae (arrows). Bar indicates 0.2 JL (X 95,000). c, White Leghorn chick. Melanosome are 
mostly unmelanized in stages I and II. The number of vesiculo-globula.r bodies (arrows) is few as compared with that of Black Minorcas (Fig 2, 
a and b), but is still more numerous as compared with that in pink eyes (Fig 1, a and b). Bar indicate 0.2 I' x 6:', ). 
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FIG 3. Pheomelanosomes (PMS) in hair and feather. a, Yellow hair in agouti mouse. Pheomelanosomes in various stages of differentiation are 
present. PMS-II indicates the pheomelanosome in a late stage II. Bar indicates 0.2 fJ. (X 46,000). b, Yellow hair in yellow mouse. A high-power 
view of pheomelanosomes in stages I and Ill . In stage Ill (PMS-Ill) , vesiculo-globular bodies (arrows) fuse with each other, together with 
amorphous inner material, to form an amorphous matrix. The inner core of these bodies in pheomelanosomes is electron dense as compared with 
that seen in eumelanosomes. Bar indicates 0.2 fJ. (X 146,000). c, Red feather in Rhode Island Red chick. Again, pheomelanosomes in various stages 
of differentiation are seen. The ultrastructure of pheomelanosomes and vesiculo-globular bodies (arrows) is essentially similar to that present in 
yellow hair. Bar indicates 0.2 fJ. (X 112,000) . 
visible light, they are shifted from the perikaryon to dendrites. 
The ultrastructure and distribution pattern of the vesiculo-
globular bodies are unaffected by the light. The diameter of 
these bodies are measured around 40 nm in diameter and 
surrounded by a membrane with a trialaminar structure. Their 
cores are aggregated with moderately electron dense grains. 
These findings are basically similar to those of dark-adapted 
eyes (Fig 1, b) . 
DISCUSSION 
Ultrastructural comparison of mutations affecting the com-
mon biochemical pathways may give a clue to elucidate the role 
and nature of the vesiculo-globular bodies. The data presented 
in this study point out several important features with respect 
to their role in eumelanogenesis and pheomelanogenesis. 
First, the ultrastructure of eumelanosomes and pheomelan-
osomes was identical in stage I, but quite different in stages II, 
III and IV. Vesiculo-globular bodies were present in both eu-
melanosomes and pheomelanosomes. Their ultrastructure was 
affected neither by difference in embryonic origin of melano-
cytes (neural crest of hair and feather melanocytes and optic 
cup of retinal melanocytes) nor by physical stimuli (light and 
dark adaptation). However, their number varied greatly de-
pending on the type of melanogenesis (Table II) . These indicate 
that vesiculo-globular bodies are involved in eumelanogenesis 
as well as pheomelanogenesis. 
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FIG 4. Schematic comparison of genetic control on differentiation of 
eumelanosomes and pheomelanosomes. B, brown; P, pink-eyed dilu-
tion; A, agouti; A Y: yellow; C, color. 
A number of recent studies, e.g., by Maul [16], Maul and 
Brumbaugh (17], Stanka (18], Ide [19], Eppig and Dumont [20] 
and Bagnara et al [21], including our previous one (22), showed 
that stage I eumelanosomes originate from dilatation of agran-
ular portion of rough endoplasmic reticulum (condensing vac-
uole). The ultrastructural similarity of stage I melanosomes 
between eumelanosomes and pheomelanosomes suggest that 
pheomelanosomes are also formed through a process similar to 
that of eumelanosomes. The finding that both eumelanosomes 
and pheomelanosomes are formed by a single melanocyte in 
agouti mice may also support this suggestion. 
Second, the mode of involvement of vesiculo-globular bodies 
to melanosomal differentiation from stage II to III was entirely 
different between eumelanogenesis and pheomelanogenesis. 
During these stages, i.e., stages of organization and melanization 
of inner matrix, vesiculo-globular bodies were often associated 
with or attached to inner lamellae of eumelanosomes whereas 
they fused with each other to form amorphous matrix of pheo-
melanosomes. Further, we learned in Table II that there is a 
numerical difference of these bodies between highly and least 
melanized animals, e.g., white feather in white Leghorns vs 
black feather in black Minorcas. These may indicate that 
vesiculo-globular bodies are involved in organization as well as 
melanization of inner matrix. 
Stanka [18] found an internalization of small vesicles into 
melanosomes of retinal pigment epithelium. In fowl feather, 
Maul and Brumbaugh (17] . found small vesicles, 40 nm in 
diameter. They assumed that these small vesicles derive from 
coated vesicles, 70 nm in diameter, lose their "coat" when 
incorporated into melanosomes and then transfer tyrosinase. In 
melanosomes of embryonic and adult xantic goldfish, Turner, 
Taylor and Tchen (23) also found vesiculo-globular bodies, 
though referred as "premelanosome's internal vesicles." They 
showed that vesiculo-globular bodies possess the osmium-re-
ducing as well as dopa-oxidizing quality in such a way as Golgi 
complex and Golgi-derived vesicle do. They suggested that 
" internal vesicles" may derive from Golgi vesicles. Furthermore, 
they postulated that Golgi vesicles laden with tyrosinase fuse 
with outer membrane, invert and reform within melanosomes 
after releasing tyrosinase. However, in macromelanosomes or 
giant melanosomes seen in human hypermelanotic skin vesi-
culo-globular bodies similar in the ultrastructure and size to 
those seen in normal melanosomes are numerously accumu-
lated, at least more than 100 in 1 granule [5-12]. Histochemical 
study by Konrad, Klaus and Honigsmann [5) showed that these 
bodies do not contain any activity of tyrosinase and acid phos-
phatase. Thus, the enzymic property of these bodies still remain 
unsettled. Other fact remaining not clarified in this study is 
that vesiculo-globular bodies in stage IV melanosomes maintain 
the electron lucent areas during eumelanogenesis whereas they 
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become amorphous and embedded in electron dense matrix 
during pheomelanogenesis. 
Third and lastly, there was a significant numerical difference 
of vesiculo-globular bodies depending on genetic background of 
animals as well as type of tissues where melanosomes are 
formed. Eumelanosomes in black feather contained vesiculo-
globular bodies most numerously whereas those in pink eye 
had the least (Table II). It is, therefore, proposed that vesiculo-
globular bodies are the key units being involved in organization 
and melanization of melanosomes and that their number and 
the mode of their involvement in melanosomal differentiation 
are under a genetic control. Analysis of genetic background of 
animals in this study may suggest A and A Y genes which are 
responsible for shift in pathway of eu- to pheomelanogenesis 
control the differentiation in fine structure of each type of 
melanosomes. C genes which controls the coloration of skin, 
hair and feather seems to be the key factor for constituents of 
vesiculo-globular bodies. B and P genes control the process of 
melanosomal organization (24]. The site of action by these 
genes includes the assembly and organization of melanosomal 
matrix, i.e., (a) structural matrix proteins and (b) tyrosinase 
(25, 26], in the presence of vesiculo-globular bodies. These 
processes may be summarized in Fig 4. 
The materials of embryonic chicks were obtained when one of the 
authors (K J), was in the Department of Dermatology, Harvard Medical 
School, Boston. 
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